The progressive ageing of the population is accompanied by an increasing incidence of cancer. Our objective was to compare mediastinal lymphadenectomy performed in the surgical treatment of non-small-cell lung cancer (NSCLC) patients between ≥70 and <70.
INTRODUCTION
The number of elderly lung cancer patients continues to grow [1] and the challenge faced by the thoracic surgeon and the oncologist is to propose the optimal treatment to maintain the expected benefit and reduce risks.
Surgery remains the leading treatment of non-small-cell lung cancer (NSCLC) because of its long-term survival benefit. Previous studies, based on Epithor, the French National Thoracic Database, showed that octogenarians underwent more sub-lobar resections and less mediastinal lymph node dissections than younger patients [2] . They did not present an increased risk of postoperative morbidity, in terms of incidence or severity, after pulmonary resection for early staged NSCLC [3] . However, elderly patients who underwent neoadjuvant chemotherapy presented postoperative complications that were more frequent and more severe than younger patients [4] . These results could suggest that surgical treatment could be proposed as first-line treatment with less risk in elderly patients with resectable NSCLC.
The present trend is to evaluate less-aggressive surgical treatment for elderly patients in order to reduce postoperative morbidity and mortality [5] . The long-term survival benefit of radical mediastinal lymphadenectomy remains to be proved for elderly patients [6] . Mediastinal lymph node dissection could be considered as useful to achieve a complete resection of the tumour (R0) with the removal of all potentially invaded tissues and/or useful to carry out a precise staging of the disease in order to determine the best postoperative treatment. The status of lymph nodes is critical in planning treatment strategies if there is no distant metastasis.
The purpose of this study was to perform a detailed description of mediastinal lymphadenectomy performed in the surgical treatment of NSCLC for patients ≥70 and to compare these data with those of younger patients.
MATERIALS AND METHODS

Patients
In our institution, data concerning 495 patients who underwent pulmonary resection for NSCLC between January 2008 and December 2010 were retrospectively collected. The Epithor ® local database of our department, which is connected to the French National Thoracic Database established by the French Society of Thoracic and Cardiovascular Surgery in 2003, was used. The methodology of this electronic database has been previously described in detail [2, 7, 8] . Epithor ® allowed the identification of patients eligible for our study in our institution. The corresponding operative reports and pathology reports were then reviewed.
Eighty patients aged 70 years and over who underwent pulmonary resection for NSCLC in the studied period were included. To compare patients with similar characteristics, a case-control study was performed. The elderly patients were matched 1:1 to 80 younger patients for gender, American Society of Anesthesia (ASA) score, performance status (PS) [9] and histological subtype of the tumour. The 80 controls were randomized within the 415 patients <70 from our cohort using a stratified sampling method.
The Institutional Review Board of the French Society of Thoracic and Cardiovascular Surgery approved the electronic prospective database used for this study and the study itself (approval number: CERC-SFCTCV-2012-6-4-16-23-54-RICa). Patient consent was obtained for entry into the prospective database, and patients were aware that these data would be used for clinical research purposes.
Clinical and pathological variables
The following categorical variables were used to match elderly patients to younger controls: gender (male/female), ASA score (1 and 2/≥3), PS (0 and 1/≥2) and histological subtype of the tumour (adenocarcinoma, squamous cell carcinoma, large cell carcinoma, other). Further data concerning patients' characteristics were also collected: body mass index (BMI) and number of comorbidities. Lung cancer presentation at diagnosis was also described in accordance with the American Joint Committee on Cancer (AJCC) [10] . To describe surgical treatment, the following variables on the operative reports were reviewed: type of pulmonary resection ( pneumonectomy, lobectomy, bilobectomy, wedge resection or segmentectomy as sub-lobar resections) and type of mediastinal lymph node dissection as described in the surgeon's report (no lymph node dissection, sampling, radical lymphadenectomy). Additional information on the pathology reports was also collected: characterization of surgical resection margins (complete as R0, microscopically invaded as R1 and macroscopically invaded as R2) and bronchus margin ( positive/ negative), number and type of dissected hilar/intrapulmonary and mediastinal lymph node stations, as well as the number of resected lymph nodes, for each location. The so-called lymph node ratio, the ratio between the number of positive lymph nodes and the number of resected lymph nodes, was also calculated [11] .
Statistical analysis
Statistical analyses were performed using XLSTAT system for Microsoft Excel ® (Addinsoft SARL, France). The type of pulmonary resection and the type of mediastinal lymphadenectomy patients between ≥70 and patients from the control group were compared. Categorical variables were compared with χ 2 and continuous variables with the Mann-Whitney U-test. The statistical significance of P-values was set at <0.05.
RESULTS
Patient characteristics
Data concerning the 160 cases and controls were analysed. The results are presented in Table 1 . Among the elderly, mean age was 75.7 years (interval including 95% confidence interval [CI] of the values: 74.9-76.4) vs 58.8 (57.2-60.5) in the control group. Sex ratio was 5.1 (61 males in each age group). Concerning matched variables, the majority of patients presented a low ASA score (71.3% of ASA score ≤2, n = 57 in each group) and a low PS (97.5% of PS ≤1, n = 78 in each group). There was no significant difference concerning BMI (P = 0.16), number of comorbidities per patient (P = 0.22) or stage of disease at diagnosis (P = 0.22) between the two age groups (Table 1) .
Surgical treatment
Surgical procedures performed are presented in Table 2 . The distribution of the different types of pulmonary resections was significantly different between patients ≥70 and patients <70 (P = 0.03). Lobectomies were more frequent for elderly patients (85%, n = 68) than for younger controls (65%, n = 52). Patients ≥70 underwent less pneumonectomies (6.2%, n = 5) than younger patients (12.5%, n = 10). Nearly all patients underwent radical mediastinal lymphadenectomy in the two groups: 98.7% (n = 79) for the elderly and 97.4% (n = 78) for the patients <70. Indeed, the type of lymph node dissection, as described in the surgeon's report, was comparable for the two groups (P = 0.6; Table 2 ).
Lung specimens
Data concerning lung specimens, excluding lymph nodes, collected from pathology are reported in Table 3 . There was no significant difference between patients and controls concerning surgical resection margins (P = 0.5), including bronchus margin (P = 0.77), frequency of pleural invasion (P = 0.34) or tumour size (P = 0.44; Table 3 ).
Lymphadenectomies
Description and comparison of lymph node stations dissected and number of resected lymph nodes are reported in Table 4 . Patients ≥70 and <70 underwent similar lymphadenectomies: on one hand, number and type of dissected lymph node stations were comparable (P = 0.66 and 0.35, respectively) and, on the other hand, number of resected hilar/intrapulmonary and mediastinal lymph nodes were not significantly different (P = 0.26 and 0.64, respectively). The mean number of positive lymph nodes was higher in the elderly patients' group: 2.3 vs 1.3 for younger patients (P = 0.002). Patients ≥70 presented a more important number of metastatic hilar/intrapulmonary N1 lymph nodes: 1.6 vs 0.9 in the control group (P = 0.004). Lymph node ratio, as previously defined in the methods, was significantly higher in elderly patients: 0.11 vs 0.07 for patients <70, with P = 0.009 (Table 4) .
DISCUSSION
Effective surgical management of lung cancer in elderly patients is based on an appropriate pulmonary resection and associated lymphadenectomy is essential. The benefit of radical mediastinal lymphadenectomy in this population remains controversial [6] . Our study allows a detailed description of postoperative lymph node staging in elderly patients who underwent surgical treatment of NSCLC. We performed a case-control study to compare elderly patients with younger ones presenting similar clinical and histopathological characteristics. Difference in mean age between the two groups was more than 15 years, with a well-marked difference between confidence intervals. We verified that patients of the two age groups presented comparable preoperative stage of disease (P = 0.22, Table 1 ). Characteristics of lymphadenectomies performed were similar in terms of lymph node stations dissected and number of resected lymph nodes (Table 4) between the two age groups, suggesting that the characterization of the lymph node dissection made by the surgeon in his operative report was not underestimated in elderly patients.
In our institution, elderly patients did not undergo more sublobar resections than younger patients (Table 2 ) and this is the main difference with our national cohort of octogenarians previously published [2] . The other important difference is that, in our institution, elderly patients did not undergo less-aggressive lymph node dissection as observed in our national database in octogenarians [2] or in elderly patients surgically treated for early staged NSCLC [3] . Furthermore, there was no significant difference in our institution concerning complication rates between patients ≥70 years and patients <70 (P = 0.86). This result is consistent with our previous nation-wide study concerning postoperative complications in elderly patients surgically treated for NSCLC [3] .
In our study, elderly patients presented a significantly more advanced postoperative N status than younger controls ( Table 4) . The mean number of metastatic lymph nodes was higher in patients ≥70, related to a more important number of N1 lymph nodes (Table 4 ). These results suggest that lymph node involvement in surgically treated NSCLC is more important in elderly patients ≥70 than in younger patients. This could be explained in part by the immune senescence related to age. Mechanisms of the physiological decline of immunity and its interrelationship with cancer genesis and extension have not been clearly identified to date [12] .
Staging is crucial for making clinical decisions, assessing the potential for curative surgical resection, making the decision to administer adjuvant chemotherapy or radiotherapy, appropriately enrolling patients in clinical trials and comparing outcomes. Incomplete postoperative staging of NSCLC can result in errors in management, including inaccurate prognosis information for the patients and suboptimal postoperative treatment. Previous studies demonstrated that patients with single N2 disease showed a better prognosis than patients with multiple N2 disease [13, 14] . Several investigators demonstrated the effectiveness of induction chemotherapy [15] . Most studies report that surgical resection is recommended only for patients with mediastinal downstaging after chemotherapy [16, 17] . However, none of these data have ever been validated for elderly patients. We previously showed, thanks to a nation-wide case-control study, that postoperative morbidity of pulmonary resection for NSCLC was increased in patients ≥75 who underwent neoadjuvant chemotherapy in comparison with younger patients [4] . In our opinion, surgical resection may be proposed with less risk as first-line treatment in elderly patients with resectable NSCLC, including resectable N2 disease. In this case, radical mediastinal lymphadenectomy is crucial to obtain a complete resection and a precise staging of the disease, all the more since elderly patients present a more important lymph node involvement as we showed in this study. In a recent publication, studying the number of lymph nodes and survival, the conclusions obtained were that more lymph nodes resected and lower ratios of positive lymph nodes to total examined lymph nodes were associated with better patient survival after NSCLC resection independent of age, sex, grade, tumour size and stage of disease [18] . The number of positive lymph nodes may influence survival of patients with NSCLC [19] . A recent work by Wisnivesky et al. [11] based on 1682 N1 patients of the Surveillance Epidemiology and End Results database, of whom 1080 were over 70 years old, showed that the 'lymph node ratio' was an independent prognostic factor for patients with N1 NSCLC. These data suggest that patients with a high lymph node ratio are at risk of worse outcomes and should be considered for more aggressive postoperative treatments. We therefore decided to analyse this variable in our study. We observed that patients ≥70 presented a more important number of N1 metastatic lymph nodes (P = 0.004) and a higher lymph node ratio (P = 0.009; Table 4 ).
Our work presents some limitations. First, our study is a singlecentre retrospective study. Detailed information on preoperative geriatric assessment was not available; subsequently, selection criteria were not clearly identified. The limit concerning variability of habits between surgeons, and between pathologists also, should be taken into account. Lymphatic affinity of lung cancer is variable according to the histological subtype of the tumour [20] . We matched this variable between patients ≥70 and controls to reduce this bias.
Despite these limitations, our study shows that lymph node involvement in surgically treated NSCLC was more important in patients ≥70 than in younger patients presenting comparable clinical and histopathological characteristics, and undergoing a similar lymphadenectomy. These results could suggest a part of immune senescence related to age. Our results should be taken into account when considering performing less-radical lymphadenectomy in elderly patients with resectable NSCLC.
